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Introduction of Diagnostic Problem-Solving Approach within Undergraduate Design Courses -Application to Building Illumination
Abstract:
The engineers are usually confronted to two types of problems: design or investigative problems. The new design problem concerns the creation of a new product (in our case the product is a building, building component, mechanical or electrical system) and the investigative consists of fixing an existing product using a sequential diagnostic.
It is a logical, systematic search for the source of a problem so that it can be solved, and so the product or process can be made operational again. Investigation is needed to develop and maintain complex systems where the symptoms of a problem can have many possible causes.
In this paper, we introduce how these two notions have been introduced to undergraduate students through basic design courses. A case study from building engineering is presented: building illumination investigation in elementary schools will be presented and discussed.
We discuss the design work from students' point of view, and the experience earned in design, experimentation, and also in written and oral communication skills. Future plans to evaluate the effectiveness of the case studies in terms of learning outcomes, as well as plans to evaluate it in undergraduate architectural engineering training are also presented.
Introduction:
Teaching a design course is challenging and differentiates from fundamental courses at different level. The fundamental courses are based on specific laws (first law of thermodynamics, heat transfer equation, radiosity technique, and so on). The textbooks usually include a large number of examples for each topic, where students use as a reference to solve their home works and exams, through memorization, understanding and application. Design courses need more analysis and evaluation, since the problems are open-ended and usually the step-by-step process is not clearly identified in the textbooks and lectures. As well, the textbooks are not numerous and the examples within the textbooks are not abundant. Usually, undergraduate students who take design course for the first time have the tendency to focus on details and miss the big picture and the understanding of the objectives of the design problem.
It is important to explain to undergraduate students the difference between design work and diagnostic work, where the design concerns a new product that need to be produced, respecting certain rules, standards and codes. The codes and standards are there to make such product sustainable, safe, economic and respecting the environment.
The diagnostic in the other hand focuses more on the understanding of an existing product or a situation and try to correct the malfunctioning of the whole system or only a part of it. In this case, the product is already there and our job is to identify the problem (s) and come up with the appropriate solution (s), through auditing, testing and even commissioning. To do so, we need to use tools and equipment to measure and identify the parameters that help us to identify the problem (s). This kind of work needs different expertise and understanding of how to measure and identify the fundamental parameters, such as temperature, pressure, concentration, illuminance, amperage, voltage, airflow, and energy consumption.
Design and troubleshooting are considered as two subcategories of problem solving (McCade). Problem solving has been defined in many ways. Ritz describes a problem as a need which must be met (Ritz, et al. 1986a ). The main difference between the two subcategories is the fact that the design is a "proactive" problem solving (Baker & Dugger, 1986 ) and the troubleshooting is a "reactive" problem solving (Baker & Dugger, 1986) . The design involves more innovation, where the troubleshooting involves the recognition that technology encompasses (Baker & Dugger, 1986 ).
More recently, Design is defined by Nielsen (2003) , "A Problem is basically impression of a tension or a contrast between two conditions: Condition of Desires and Actual Condition". The successful design of an item transforms a condition of "Desire" (or need) into one of "Actuality". These definitions are supported by Jonassen (2004) Jonassen (2004) in his book has focused on the following three types of problems: story problems, troubleshooting problems, and case and system and policy analysis problems.
A problem-solving method describes a reasoning process that efficiently achieves a goal by applying domain knowledge. Nickols (2012) states that choosing the right problem solving approach makes a difference. He identifies three different problem solving tasks: repair, improve, and engineer. Stojcevski (2005) mentions that problem solving is a special kind of skill to learn. Benjamins et al. (1995) , states that a problem-solving method cannot directly be applied because of the existence of a gap between, on the one hand, a problem-solving method and the domain knowledge it uses, and, on the other hand, a problem-solving method and the goal that it is supposed to achieve. He distinguished two types of assumptions that are able to bridge the gap: one type of assumption is used to strengthen a problemsolving method, and the other to weaken the goal to be achieved.
In this paper, we introduce how these two concepts have been introduced to undergraduate students within engineering design courses. A case study from building engineering is presented: building illumination of elementary schools. The methodology employed will be demonstrated step-by-step and the results are presented and discussed.
We discuss the design program from students' point of view, and the experience earned in design, experimentation, and also in written and oral communication skills. Future plans to evaluate the effectiveness of the case studies in terms of learning outcomes, as well as plans to evaluate it in undergraduate architectural engineering training are also presented.
Illumination Building Design:
The design concerns the creation of a new product (in our case the product is a building or one of its components, mechanical or electrical system). In the case of building illumination, the design process start with gathering data related to the building and rooms dimensions (length, width and height), the considered color of the walls, ceiling, and floor.
The height of the fixtures (for recessed fixture, the height is zero). The IES recommended light levels ( Table 1) . The estimation of the number of fixtures and their locations is then calculated. In the design process, the number of fixtures is estimated based on IES requirements, work area, coefficient of utilization (CU), the amount of light produced by each lamp (lumens) and many other coefficients, such as: The accurate estimation of these coefficients is essential for an accurate estimation. This depends on many factors, like understanding the type of lamps/luminaires used (operation factor, lumen depreciation, ballast factor) the type of maintenance, the type of environment designed (dirt depreciation).
The design includes quantitative and qualitative decisions, such the decision about the color temperature (CT), and color rendering (CRI). As well the design process includes the selection of the type of fixture that need to be used, economic analysis and the comparison between different solutions to select the most suitable for the appropriate design case.
Problem-solving Approach:
The diagnostic consists of fixing an existing product using a sequential procedure. It is a logical, systematic search for the source of a problem so that it can be solved, and so the product or process can be made operational again. Diagnostic is needed to develop and maintain complex systems where the symptoms of a problem can have many possible causes.
The objective of this project is to compare the IES requirement for classrooms to the actual classrooms illumination in elementary schools in Greensboro, NC. In this project, we will take measurements from three elementary schools located in Greensboro, compare them to a simulated average of the classrooms using the program Visual 2012, and then compare both values to the IES requirement for classrooms.
The IES illumination requirement at the level of the desktops (the amount of light that should reach the desktops) of classrooms is 50-75 foot-candles (fc). Since the standard does not differentiate between the amounts of light that need to reach the desks for elementary schools compared to high schools and college classrooms, we will take the mean of the IES standard, and average it with the base number. This should account for the difference in height between the desks in elementary schools to all others. The average considered is 62 fc. Any number considered between 50 fc and 75 fc is acceptable. The hypothesis for this project is that the schools as well as the simulated classrooms will all comply with the IES standards.
The procedure for the experiment is to first take the dimensions of the room (length, width, and height) to calculate the area, and cavity ratios. The wall color, floor color, and floor type are also recorded. The next step is to then estimate the ceiling, floor, and room cavity ratios for each classroom. The information regarding the lamps and fixtures used in the room need to be found. In particular, the type and amount of fixtures, the number, type and characteristics of the lamps used in the fixtures are needed. Once all of these basic observations about the room are found, then the measuring of the foot-candles on the work plane may begin. The illuminance in each room was measured in five different locations throughout the work plane under four different conditions. These conditions were the blinds drawn and lights on, blinds shut and lights on, blinds drawn and lights off, and blinds shut and lights off. Tables 2 to 5 show the measurement of illuminance conducted in three schools. The figures 1 to 5 show the comparison of the level of lights in the three schools. Data Analysis: the averages of the illuminance measured in the classrooms are compared to the IES average that was decided in the hypothesis of 62 fc. Afterwards, the percent difference formula was used to calculate the differences in the room and school averages to our IES average. We need to point out that even though a room might appear to be failing the IES standards, any average in the percentage difference formula can drop to -13% and still comply with the actual IES standards. Within this project alone, there were a lot of variances that could be minimized, but not completely removed from the data. For example, the time of day, daylight and the weather conditions, and the 
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Percent Difference amount of light transmitted through the windows are all variable that can only be controlled to some degree during the project. Options to minimize the false readings of the light reflected is to take the footcandle reading for the lights off and blinds up, and subtract it from the reading from the lights on and the blinds up. With this, the light reflected by the windows can be somewhat removed and not considered as a contributing factor in the lighting.
Another variance in the project is the amount of lamps that were burn out during the data collection process. In every classroom, there were at least two burns out lamps that could have easily lowered the amount of foot-candles that reached the work plane. If those lamps were operational, the readings for some of the lower foot-candle classrooms would have risen by at least 2 fc and probably more depending on the amount of lamps were replaced.
Yet another variance in this project, is the amount of posters, cupboards, doors, etc. that cover a moderate percentage of the wall. Depending on the material and color of the items on the wall, the amount of reflected light reaching the work plane is severely reduced because of the amount of light absorbed by the items on the wall.
In conclusion, three elementary schools were measured to find the amount of light reached the work plane when compared to the recommended IES standards. Out of these three schools, schools one and three met the actual IES standards given, while only school one met the IES average that was assumed for elementary schools.
Survey and Course Evaluation:
The authors believe that the two subcategories of problem solving: Design and troubleshooting are misunderstood by the students and it is very important that the design course instructors need to be contacted and their voice be heard with regard to incorporating the topic of troubleshooting in teaching and learning Design. At the first level, a survey instrument that addresses two aspects of teaching engineering Design: the importance of the two subcategories, and the importance of the incorporation of these two subcategories in teaching engineering Design. We conduct this survey before and after the course during two consecutive years and the results are very similar.
The survey questions are:
Question 1: Do you understand the importance of "Design" for engineering education? (Not at all Important, Very Unimportant, Neither Important or Unimportant, Very Important, Extremely Important) Question 2: Do you understand the importance of "Troubleshooting" in engineering education? (Not at all Important, Very Unimportant, Neither Important or Unimportant, Very Important, Extremely Important) Question 3: Do you understand the difference between design and troubleshooting? (Much Lower, Lower, Average, Higher, and Much Higher)
Question 4: Do you think it is important to incorporate the topic of "troubleshooting" in Design Courses? (Not at all Important, Very Unimportant, Neither Important or Unimportant, Very Important, Extremely Important) Here, responses of design students to Questions 1, 2, and 3 are summarized. Based on the responses to Question 1, where the importance of design is similarly recognized at the beginning and the end of the semester, the respondents change their mind, regarding the importance of the teaching of troubleshooting within design courses. Regarding the Question 3 survey, we notice a progress in term of understanding of the difference between two aspects of problem solving: design and troubleshooting. 
Indirect Assessment Results
Using the indirect course evaluation form, students were asked, anonymously, to self-assess their ability in specific areas identified by the instructor in connection with the course learning objectives related to ABET. The compilation of the results of the student self-assessment of course learning objectives questions for AREN 348 are presented in Table 6 . The student responses of "A" through "E" were converted to a 4.0 GPA scale in the standard way, with an "E" being considered equivalent to an "F". In this way, an equivalent class GPA was obtained for each question. The results of the students' assessment show that for all the questions, students generally feel like they are able to perform the task requested. The next step is to check if the assignments performed by the students will show the same positive answers.
Direct Assessment Results
The five course learning objectives were measured using exam questions and home works. The average grading of such exams and home works are shown in Table 7 . One or multiple exam questions were associated with each learning objective, permitting that learning objective to be measured by direct assessment. The points scored per question were converted to a percentage scale and then to an "A" through "F" scale, using the traditional grade assignments. Table 7 shows the breakdown of letter grades received for each exam question. The equivalent class GPA is shown for each question, based on a 4.0 scale.
Direct assessment provides the most accurate measure of a student's knowledge in a given course. In this course, about 50% of students were able to have a grade of "A". The other 50% are subdivided between "B" and "C". Some students were not able to answer the questions successfully, obtaining grades of "F".
The direct assessment of the five learning objectives is relatively acceptable, but need improvement. In parallel with the self-evaluation of each course by the instructor, we also conducted a course evaluation by students. The course objectives introduced earlier in the course are again provided to the students at the end of the semester. The students' input on whether the materials offered have met the objectives is then complied and used in the program outcome assessment process. Results of instructor course evaluations (conducted by students) are reviewed by the department chair and the dean and shared with the faculty.
A more rigorous process in assessing the learning outcomes of this course will be implemented, which are in parallel with the program outcomes. The following outlines process will be used for this course assessment.
-Individual instructor evaluation of the degree of learning achievement of individual students on a team, which includes consideration of the collective achievements of the team. -Peer evaluation (optional by instructor). -Grading of deliverables by the instructors (project plan, mid-term review, final report, exhibit (and abstract), oral presentation, team minutes, web site if applicable). -Teamwork survey.
-Self-assessmen.t -Senior Design Symposium judging (with evaluation criteria explicitly indexed to the learning objectives and articulated via rubrics for all measures).
Conclusions:
Teaching design courses for undergraduate students usually focus on design aspects of the concerned area, such as sizing different component of the main system, and system selection to be economic, safe, and in respects of the applicable codes.
The diagnostic aspects are usually ignored, since challenging and require real applications, where students need to perform experimental, auditing and even commissioning, as well as simulation works to analyze the system under consideration. These aspects are essential to promote student learning.
Both approaches are developed and tested through a case study. The case study concerned in this paper is the building illumination, and other issues encountered in modern residential and commercial buildings. The objective of this paper is to make a clear description familiarize them with the two approaches that usually will confront in their future.
Direct and indirect Assessment results, in connection with the course learning objectives, demonstrate the importance of the methodology developed. A more rigorous process in assessing the learning outcomes of this course will be implemented, which are in parallel with the program outcomes.
